Figure S 1: Illustration of the method used to estimate the superellipse exponent n. (a) Schematic representation of the measured distances and (b-d) examples of TEM images of contour-traced nanocubes with different sizes. Scale bar represents 10 nm. Transmission electron microscopy. High-resolution bright field-TEM images were acquired using a JEOL JEM-2100 microscope (Filament: LaB6 200 kV, Cs =1.4 mm, Cc =1.8 mm, point resolution = 2.5 Å, line resolution = 1.4 Å) equipped with a GATAN SC1000 Orius camera for high resolution imaging. Further information regarding the preparation and characterization (particle size determination, TEM images, powder X-ray diffraction) of the nanocube samples C086, C096, C126 and C136 are given in refs [1,2]. 1,2
ADDITIONAL CHARACTERIZATION OF THE IRON OXIDE NANOCUBES AND MESOCRYSTALS
Transmission electron microscopy. High-resolution bright field-TEM images were acquired using a JEOL JEM-2100 microscope (Filament: LaB6 200 kV, Cs =1.4 mm, Cc =1.8 mm, point resolution = 2.5 Å, line resolution = 1.4 Å) equipped with a GATAN SC1000 Orius camera for high resolution imaging. Further information regarding the preparation and characterization (particle size determination, TEM images, powder X-ray diffraction) of the nanocube samples C086, C096, C126 and C136 are given in refs [1, 2] . 1, 2 Electronic Supplementary Material (ESI) for Nanoscale. This journal is © The Royal Society of Chemistry 2016 Determination of nanocube shape. Details on the characterization of the particle shape with a superellipse approximation: + = ( 2 ) are as follows: a rectangle covering the particle is drawn by hand using a ruler with a right angle. The corner (i.e. the contour) of the rounded cube is traced by hand. The edge lengths l1 and l2 and the diagonals d1 and d2 are measured for 30-40 nanocubes for each sample. The parameter n can then be found through:
The volume of a nanoparticle Vp can be estimated assuming a superellipsoid. For a superellipsoid expressed as + + = ( 2 ) with exponent n, the volume is given by:
where Γ is the gamma function. (a) Gaussian curvature (K) of a superellipsoid with equal semi-axes a = 1 and n = 4. The maximum Gaussian curvature for this particular superellipsoid is K ~ 6 (at the corners), but the scale is capped at K = 2 for clarity. Colors hotter than white in the temperature scale represents part of the surface with a higher curvature than a sphere of equal radius (K = 1). (b) 2D
illustration of the holes in the layers of the bct lattice. A comparative illustration of the hole size for two equal lattices based on different superellipsoids is shown. 
GISAXS

Indexing of the [101] oriented bct lattice
In order to be able to distinguish the in-plane and out-of-plane symmetries in the GISAXS pattern, the [101]MC orientation of the bct lattice is indexed as an orthorhombic lattice with c  the substrate (see where the subscripts o and t denote the orthorhombic and tetragonal lattices, respectively. Using the tetragonal symmetry conditions at = bt and α = β = γ = 90° along with the ideal ratio of ct/at = √3 we obtain for the orthorhombic lattice parameters:
Indeed, the orthorhombic lattice parameters determined by GISAXS (Table S1 ) are in excellent agreement with these geometric relations, confirming (along with the observed systematic reflection extinctions) the proposed mesocrystal structure orientation. However, slight deviations from these ideal lattice parameters may occur related to distortions of the lattice and, in particular, a vertical contraction of the entire mesocrystals that is often observed upon final drying. Such a vertical contraction makes exact comparisons between the lattice parameters of the standard bct lattice and the rotated bct lattice slightly imprecise. Small distortions result in slight deviations from the tetragonal symmetry conditions: = and α = β = γ = 90°. The lattice parameters (ar, br, cr) of the rotated bct cell are shown in Figure 2b . Nonetheless we find that the lattice parameter br (which is not parallel to the surface) is just slightly shorter with respect to ar (0.03-3%). These small contractions are likely an effect of a previously reported drying mechanism. 3 used to index the GISAXS data. The axes shown in the diagram are the axes used in Table S1 . In order to estimate the preferred orientation of the bct lattice after deposition in applied field and in zero field, the relative scattering intensities observed in the respective GISAXS patterns are analyzed. However, in order to avoid systematic errors due to Q dependent features such as the spatial variation of the nanoparticle form factor and refractive scattering contributions, only the scattering intensities observed at the same Q position can be compared directly. We thus determined the relative intensities of GISAXS reflections in mesocrystal samples assembled in zero field and upon application of a weak magnetic field as follows: orientation of the bct lattice, respectively. C denotes the intensity ratio of reflections that are common to both orientations and is thus associated with instrumental parameters such as a different exposure time or amount of mesocrystals in the footprint of the X-ray beam in both measurements. These relative intensities displayed in Figure S7 already qualitatively suggest that the [001] orientation is preferred in zero field for the C096 nanocubes, whereas it is preferred in applied field for the C126 nanocubes. In order to obtain quantitative information on the preference of the lattice orientations, the 
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The surface to surface interparticle distance d0 = a -l was calculated using the values obtained from table S1 and the edge lengths determined from TEM. The errors bars represent = √( ) + ( ) . The error in the lattice parameter is given in Table S1 whereas the uncertainty of the edge length determination, , was estimated to be ± 0.2 nm. 
Image reconstruction of wavy mesocrystal surface structures
In many elongated crystals (such as the crystal in Figure 4a and the orange fragment in Figure 5a ) superstructure reflections appear in the FFT patterns which reduce the planar group symmetry from e.g. p4mm to p2 symmetry. These reflections arise due to periodic surface undulations at the mesocrystals top surface, with one example clearly visible in the inset of Figure 4a . Here we performed a reconstruction of the mesocrystal surface using SEM images and compared it to a surface model. Figure S13 
Details of the image reconstruction
A surface model of the undulations observed in the mesocrystal bct lattice was generated using the Crystalmaker software suite. For comparison with the experimental structure, the surface model was projected from the [001]-zone axis and converted to a black-and-white image. To limit the image resolution and reproduce the SEM imaging conditions, the image was processed by applying a lens blur and a salt-and-pepper noise filter. nanocubes can be found in Ref [2] . Although there are different conventions, we have here simply approximated TB with the cusp temperature of the ZFC curve.
MAGNETOMETRY
